Romantic jealousy is a complex social emotion combining the different primary 21 emotions of anger, fear and sadness. Previous evidence has suggested the involvement 22 of fronto-striatal dopaminergic circuitry in clinical pathological jealousy, although little 23 is known about overlaps with the neural representation of primary emotions involved 24 in non-morbid jealousy. In the current study, 85 healthy subjects underwent fMRI 25 during resting state and an emotional face recognition paradigm. A total of 150 faces 26 (happy, angry, fearful, sad, neutral) were presented and subjects were required to 27 identify the expression and rate its intensity. Trait romantic jealousy was assessed using 28 the Multidimensional Jealousy Scale. Behavioral results showed that only intensity 29 ratings of angry faces were positively associated with subjects' jealousy scores. During 30 processing of angry versus neutral expression faces, subjects with higher jealousy 31 scores exhibited greater activation in the right thalamus, insula, fusiform gyrus and 32 hippocampus, left dorsal striatum and superior parietal lobule and bilateral cerebellum 33 and inferior frontal gyrus after controlling for trait aggression and sex. Functional 34 connectivity between the inferior frontal gyrus and caudate was also increased. No 35 associations with resting state functional connectivity were found. Overall, the present 36 study demonstrates an association between romantic jealousy and increased intensity 37 ratings of angry faces as well as in activity and functional connectivity of dorsal striatal-38 inferior frontal circuitry. Thus, increased emotional responsivity to social threat and 39 enhanced activity in limbic regions and dopaminergic fronto-striatal circuitry may be 40 features of both non-morbid and pathological jealousy.
. 153 Before the fMRI session, subjects completed 20 training trials after receiving detailed 154 instructions. Subjects were told to lie still during scanning and foam pads were used to 155 minimize head movement and reduce the impact of scanner noise. The MRI acquisition 156 started with an 8min 30sec resting-state fMRI acquisition. For the resting state acquisition, 157 subjects were instructed to keep their eyes closed and to think of nothing in particular and 158 without falling asleep. Subsequently, subjects performed an event-related fMRI face 159 emotion recognition paradigm. The paradigm consisted of a total of 150 trials that were 160 equally distributed across 3 subsequent runs (50 trials each run, duration 570s per run). 161 Face emotion and gender were balanced across the three runs. Each trial started with 162 passive viewing of the facial stimulus followed by emotion recognition and intensity ratings 163 (total duration, 7000 ms). In the first 1500 ms, a face was displayed for passive viewing. 164 Next, subjects had to indicate the emotion displayed by selecting the corresponding 165 7 emotion from 5 answer options (1 = neutral, 2 = sad, 3 = happy, 4 = angry, and 5 = fearful) 166 displayed below the face for 2500 ms. Ratings of emotional intensity were subsequently 167 acquired using a separate 7-point rating scale (1 = very weak to 7 = very strong) presented 168 for 3000 ms. A jittered fixation-cross was displayed between the trials for 3600-4400 ms 169 (mean ITI = 4000 ms) and served as an implicit baseline for the analysis. The structure of 170 a trial is additionally visualized in Figure 1 further revealed no sex differences for trait jealousy (t83 = 0.635, p = 0.527) or 197 aggression (t83 = 0.712, p = 0.478) and also no effect of current relationship status (MJS
198
-t83 = -1.165, p = 0.247; AQ -t83= 0.349, p = 0.728).
199
Next, the normal distribution of MJS and AQ scores as well as the emotional 200 intensity ratings given during the task and recognition accuracy for all emotional face 201 categories was assessed using Shapiro-Wilk's tests. Results showed that the AQ, for Runs 2 and 3), and these specific runs were therefore excluded from further analyses 230 in these subjects. applying the normalization parameters that were obtained from the structural images.
10
The resolution of the normalized functional images was 3 × 3 × 3 mm (voxel size).
246
Finally, the normalized data were spatially smoothed with a Gaussian kernel of 8 × 8 × 247 8 mm.
248
On the first level, condition-specific regressors for the passive viewing phase of 249 the happy, angry, fearful, sad, and neutral faces were modelled as main conditions of Associations between levels of trait jealousy and emotion-specific neural activity were 258 examined using a whole-brain multiple regression analysis as implemented in SPM12.
259
The whole-brain regression served to identify brain regions where activation showed a To explore whether associations between individual variations in jealousy can already 294 be detected in the absence of external stimulation we computed two resting state 295 analyses. Analysis 1 employed a seed-to-whole brain approach to explore whether 296 resting-state functional connectivity at the whole brain level was associated with MJS 297 scores. Seed regions of interest (ROIs) were defined as a sphere with a 6mm radius 298 centered on the peak voxel of significant associations in whole-brain BOLD level 299 analysis. Analysis 2 aimed at directly examining the pathways that showed associations no main effect of sex (F(1,83) = 0.732, p = 0.395, ƞ 2 p = 0.009) or sex × emotion 328 interaction (F(4,332) = 0.624, p = 0.611, ƞ 2 p = 0.007). A similar ANOVA for intensity 329 rating scores also showed no main effect of sex (F(1,83) = 0.067, p = 0.796, ƞ 2 p = 0.001) 330 or sex × face emotion interaction (F(4,332) = 0.537, p = 0.511, ƞ 2 p = 0.006). Thus, 331 there were no sex-differences in either recognition accuracy or intensity ratings of the 332 faces.
333
Correlation analyses showed that MJS scores were positively associated with AQ 334 scores (Spearman rho = 0.270, p = 0.012), and with intensity ratings of angry (Pearson's 335 13 r = 0.220, p = 0.043) and marginally for sad faces (Pearson's r = 0.212, p = 0.052) 336 given by subjects during the task. No significant associations were found between MJS 337 scores and other emotional intensity ratings (all ps > 0.121). No significant associations 338 were found between MJS scores and recognition accuracy for all emotional face 339 categories (all ps > 0.05). We additionally computed correlations between intensity 340 ratings of face emotions and AQ scores and none were significant (all ps > 0.135). Table S1 and Figures S1 and S2) . Table 1 373
Regions which showed positive correlation with MJS, using multiple regression on whole-brain level 374 with gender and AQ as covariates. 375
Region
Side PFWE k as increased activation in limbic and visual processing regions.
MNI Coordinates t x y z

Angry faces > Neutral faces
Positive correlation
422
Our whole brain analysis of the emotional face task showed that subjects with 423 higher trait jealousy only exhibited stronger neural responses in the thalamus, insula, 
462
The dorsal striatum comprising the putamen and caudate also showed enhanced 463 activation during the processing of angry versus neutral faces in individuals with higher jealousy traits during processing of angry faces may reflect such threatening faces being 510 more emotionally arousing. Interestingly, while the association with trait jealousy was 511 independent of intensity rating scores, when the latter were not controlled for there was 512 a significant association in functional connectivity between the thalamus and IFG. The 513 functional connectivity strength between the IFG and thalamus may therefore play a 514 role in mediating higher ratings of emotional intensity in angry faces in individuals with 515 higher trait jealousy.
516
The association observed between cerebellar activation in response to angry faces 517 and trait jealousy may also reflect this region's increasingly recognized role in 518 processing affective stimuli, particularly negative valence ones (Strata, 2015) . Indeed, 519 damage to the cerebellum is associated with inability to process negative emotions 520 (Lupo et al., 2015). A case study has also reported delusional behavior in a patient with 521 cerebellar damage (Mitsuhata and Tsukagoshi, 1992).
522
The absence of any significant associations at the whole brain level between resting 523 state functional connectivity and trait romantic jealousy is perhaps surprising given that ReHo analysis rather than functional connectivity per se. Interestingly, this latter study 528 also identified the IFG as showing increased activity in association with dispositional 529 21 envy and so there may be overlap in frontal regions associated with both jealousy and 530 envy. The lack of associations with resting state indices in the present study may thus 531 indicate that jealousy represents an emotional state which evolves in interaction with 532 social stimuli rather than as an altered intrinsic processing state of the brain per se.
533
There are several limitations in the present study. Firstly, associations were only 534 made between questionnaire scores for trait romantic jealousy and neural activity in a 535 face emotion task and it would clearly be of interest to investigate if this same circuitry 536 and responses to angry faces is evoked during the actual experience of evoked jealousy.
537
Secondly, while we controlled for a potential contribution of trait aggression on the 538 observed associations with trait jealousy by including it as a covariate, we cannot 539 completely rule out that there may have been some influence of this. 
Conclusions
542
Overall, the current study explored the neural basis of trait romantic jealousy and the 543 findings provide the first evidence for an association between this and neural responses 544 to angry expression faces and ratings of their intensity in healthy subjects and 545 controlling for trait aggression and sex. Importantly, jealousy-associated activation was 546 found in dopaminergic frontal striatal circuitry associated with pathological jealousy as 547 well as the insula, thalamus, hippocampus and cerebellum which have also been linked 548 with emotional processing and pathological jealousy. 
